ABSTRACT AULETTA, ANGELA E. (Catholic University, Washington, D.C.), AND E. R. KENNEDY. Deoxyribonucleic acid base composition of some members of the Micrococcaceae. J. Bacteriol. 92:28-34. 1966.-Thirty-seven strains from the genera Micrococcus, Staphylococcus, Gaffkya, and Sarcina were examined for deoxyribonucleic acid base composition and biochemical activity. Organisms were tested for production of catalase, coagulase, deoxyribonuclease, oxidase, phosphatase, hydrogen sulfide, indole, and acetoin; nitrate reduction; gelatin, starch, and urea hydrolysis; citrate and ammonium phosphate utilization; NaCl tolerance; growth at 10 and 45 C, and growth in litmus milk. They were tested for production of acid from dextrose and mannitol under anaerobic conditions, and for aerobic production of acid from dextrose, mannitol, lactose, sucrose, raffinose, maltose, xylose, and glycerol. Organisms could be divided into two groups on the basis of guanine-cytosine (GC) content. Group I had an average GC content of 32%, and included all organisms which produced acid from dextrose. Group II had an average GC content of 62%, and included those organisms incapable of producing acid from dextrose under anaerobic conditions. Sarcina ureae had a GC content of 43 %. (17), they reported the existence of two groups within the family with widely separated guanine-cytosine (GC) content.
The natural relationships among the aerobic gram-positive, catalase-positive cocci are illdefined and uncertain. Bergey's Manual classifies them in the family Micrococcaceae, and divides the family into four genera: Micrococcus, Staphylococcus, Gaffkya, and Sarcina. In recent years, several attempts at orderly classification have been made (1-3, 16, 17) . The classification of Shaw, Stitt, and Cowan (17) placed all organisms in the genus Staphylococcus. Baird-Parker (3) divided the Micrococcaceae into two genera, Staphylococcus and Micrococcus, with six subgroups in the staphylococci and eight subgroups in the micrococci.
In 1965, Silvestri and Hill (18) reported the deoxyribonucleic acid (DNA) base composition of some micrococci. Using 13 strains representing five species of the classification of Shaw, Stitt, and Cowan (17) , they reported the existence of two groups within the family with widely separated guanine-cytosine (GC) content. In the present study, the DNA base composition and biochemical activity of members of the genera Staphylococcus, Micrococcus, Gaffkya, and Sarcina were examined to determine the role of GC content in the natural relationships of the
Micrococcaceae. 28 MATERIALS AND METHODS
The source, strain designation, and color variants of the cultures studied are listed in Table 1 . Cultures were maintained on BBL Trypticase Soy Agar (TSA) slants, and were stored at 5 C. [G. homari ATCC 10400 was maintained on Chocolate Agar (Difco) slants and stored at 5 C; M. flavocyaneus ATCC 8673, and the four cultures obtained from C. B. van Niel, were maintained on a yeast-dextrose-carbonate (YDC) medium and stored in the dark at room temperature. The YDC medium contained (per cent weight by volume) yeast extract, 0.5; K2HPO4, 0.1; MgSO4, 0.05; dextrose, 2.0; CaCO3, 2.0; agar, 2.0; tap water (van Niel, personal communication) .
Isolation of DNA and determination of base composition. Sixteen 24-hr TSA slants of the organism to be studied were used to inoculate 32 TSA plates; 18 to 24 hr later, the plates were harvested in 40 ml of salineethylenediaminetetraacetate (saline-EDTA; 0.15 M NaCl, 0.1 M disodium-EDTA, pH 8.0). The cells were homogenized by treatment with 24-g glass beads (0.17 to 0.18 mm; B. Braun, Apparatebau, Melsungen, Germany) for 75 sec in a Braun MSK cell homogenizer (B. Braun, Apparatebau). After homogenization, the preparation was centrifuged at 1,300 X g for 25 min' to sediment the glass beads, and the supernatant fluid was decanted. DNA was extracted from the supernatant fluid by a modification of the method of Marmur (14) . Because it was found DNA BASE COMPOSITION OF MICROCOCCI to decrease the final yield of DNA, treatment with sodium acetate was omitted, as was precipitation by isopropyl alcohol. Purified DNA was precipitated with 95% ethyl alcohol, dissolved in standard saline citrate (0.15 M NaCl and 0.015 M sodium citrate, pH 7.0), and stored at 5 C. The samples were stable, and determination of base composition gave 99.95% reproducibility after 18 to 24 months of storage.
Base composition was determined by the method of Marmur and Doty (15) , with a Beckman model DU spectrophotometer and attached thermospacers.
Cultural and biochemical studies. Organisms were grown on TSA slants for 18 to 24 hr prior to inoculation into test media; G. homari was grown on Chocolate Agar slants for 48 hr before inoculation. Organisms were incubated at optimal temperature for growth; incubation was for 14 days at 37 C, 21 days at 30 C, or 30 days at room temperature, unless otherwise noted.
The following determinations were performed (19) : indole, catalase, acetoin, and hydrogen sulfide production; nitrate reduction; ammonium phosphate and citrate utilization; gelatin liquefaction; growth in litmus milk; and hydrolysis of urea.
Coagulase production was determined in Difco dessicated rabbit plasma reconstituted in 3 ml of sterile distilled water; 0.5 ml of plasma was inoculated with organisms from a 24-hr TSA slant, and the tubes were incubated in a water bath (37 C) for 3 hr. Readings were made after 1, 2, and 3 hr at 37 C and after 24 hr at room temperature.
Deoxyribonuclease (DNase) production was determined on DNase Test Agar (BBL) plates.
The oxidase test was performed by the method of Kovacs (13) .
The ability to produce phosphatase was detected by the method of Barber and Kuper (4) as reported by Baird-Parker (2) .
Growth at 10 and 45 C was determined in tubes of Trypticase Soy Broth (TSB) inoculated with 0.05 ml of an 18-hr TSB culture and incubated either in a water bath (45 C) or a walk-in incubator (10 C) for 5 days. Growth was determined by comparison of the test cultures with a broth culture incubated at optimal temperature for the same length of time.
Ability to grow in the presence of 5 and 15% concentrations of NaCl was tested in a medium of 2% peptone and 2% yeast extract with added NaCl. Cultures were incubated at optimal temperature for 5 days. Growth was compared to that in a peptoneyeast extract medium with no added salt.
Tests for the production of acid from dextrose and mannitol under anaerobic conditions were carried out in four ways: 1% peptone-1% carbohydrate broth cultures with bromocresol purple indicator were incubated at 37 C in an atmosphere of 95% N2-5% CO2 in an anaerobic incubator (National Appliance Co., Stamford, Conn.); duplicate cultures were incubated in an anaerobic jar with a hydrogen atmosphere at room temperature; Cystine Trypticase Agar (BBL) tubes with added 1% carbohydrate were inoculated throughout the length of the tube, and were incubated at optimal temperature; tests were also done by the method of the Subcommittee on Taxonomy of Staphylococci and Micrococci (20) .
Production of acid from carbohydrates under aerobic conditions was determined in 5 ml of a 1 % peptone-carbohydrate broth with bromocresol purple indicator after incubation for 28 days at optimal temperature. Any degree of change in the color of the indicator greater than that detected in an uninoculated control tube was regarded as evidence for the production of acid.
RESULTS AND DISCUSSION
All organisms were catalase-positive, grampositive to gram-variable, aerobic cocci.
DNA base composition. Table 1 lists the melting point, standard deviation, GC content, and suggested epithet of each organism. Typical meltingpoint curves are illustrated in Fig. 1 Group II has a GC content range of 59 to 72%, and includes those micrococci not in group I, the sarcinae, S. roseus and S. afermentans, and an atypical strain of Gaffkya, G. tetragena ATCC 6007. One organism did not fall into either group; Sarcina ureae ATCC 6473 had 43% GC.
S. afermentans NCTC 7495 was received from the NCTC on two separate occasions. It was received in response to a request for a culture of S. afermentans, and on another occasion in response to a request for Sarcinaflava. In the former instance, the organism received was a pure culture of a yellow micrococcus which behaved in the manner described by Shaw et al. (17) . In the latter instance, the lyophilized culture gave rise to two different cultures of micrococci. One was identical to the yellow organism described above. The second was a pinpoint translucent white colony on TSA. This organism produced acid from dextrose anaerobically and was biochemically distinct from the yellow organism. These cultures were designated NCTC 7495 A, B, and C, respectively. The two yellow organisms had a GC content of 69%. The white organism had 32% GC. Table 1 . To conserve space, the results of the pertinent reactions only are given in Table 2 for the cultures in group I (GC content, 30 to 39%) and in Table 3 There appears to be no single biochemical reaction which will definitively separate staphylococci from micrococci. Current practice (2, 3, 6, 20) separates them by the ability of the former to form acid from dextrose under anaerobic conditions. The finding of organisms incapable of dextrose fermentation yet related to the staphylococci by their base composition shows that reliance upon this capability alone will result in the classification of these organisms as micrococci. The criterion for the production of acid under anaerobic conditions is a change in the color of the indicator throughout the length of the tube (20) . The five organisms in group I which failed to ferment dextrose did not meet this criterion. However, they did change the color of the indicator at least three-fourths of the way down the tube. This is in marked contrast to those organisms in group II which produced acid either not at all, or at most just beneath the surface of the tube (where dissolved oxygen might well have been present in the medium). In addition, the biochemical activity of these five organisms further underlines their relationship to the staphylococci. It epidermidis, at present it seems more feasible to search for a combination of tests which will serve both to identify correctly the entire group of staphylococci and to separate S. aureus and S. epidermidis from the intermediate group. Anaerobic fermentation of dextrose serves this latter purpose quite adequately. Mossel (16) proposed the production of acid from mannitol under anaerobic conditions for separating S. aureus from S. epidermidis. However, the inability of any of the organisms used in this study to produce acid from mannitol anaerobically suggests that this characteristic is not as reliable as might be desired. Organisms believed to be strains of S. aureus should be tested for coagulase and DNase production and for the aerobic production of acid from mannitol. The possession of coagulase alone or any combination of these characteristics is sufficient evidence for the identification of an organism as a strain of S. aureus. Although ability to produce acid from mannitol under aerobic conditions is presumptive evidence that an organism is a strain of S. aureus, identification on this basis alone does not seem justified since some members of the intermediate group also have this ability. The ability to grow at high temperatures and in the presence of high salt concentrations may prove useful in detecting the intermediate staphylococci.
Our results suggest agreement with Focht and Lockhart (9) , who found no difference between Gaffkya and Staphylococcus on the basis of numerical taxonomy. Despite its base composition, G. homari does not appear to be closely related to the staphylococci. Deibel and Niven (7) MacDonald (Bacteriol. Proc., p. 40, 1962) and Thompson and Leadbetter (Bacteriol. Proc., p. 49, 1962) recommended that Sarcina ureae be reclassified as Sporosarcina ureae and included in the family Bacillaceae. Its ability to form spores, its motility, and its 43 % GC content, all in keeping with other members of the Bacillaceae, seem to support this recommendation.
The delineation of two groups within the Micrococcaceae widely separated from each other in GC content confirms and extends the finding of other investigators (9, 10, 18) . It seems to be clearly indicated that the staphylococci are fundamentally distinct from the micrococci, not only in their fermentative ability and Adansonian analysis, but also in the composition of their DNA molecules. It is unlikely that an extensive series of missing links will be found to justify the taxonomic union of these two groups of microorganisms. Until such evidence becomes available, the generic classification of nine of the cultures studied in the present work must be considered at variance with natural relationships.
Resolution of species validity within the Micrococcaceae is not so readily apparent. For example, the GC content of the most easily recognized and most widely studied species, S. aureus, has been reported as 30% (5) 
